We show that atoms from wide velocity interval can be concurrently involved in Doppler-free two-photon resonant far from frequency degenerate four-wave mixing with the aid of auxiliary electromagnetic field. This gives rise to substantial enhancement of the output radiation generated in optically thick medium. Numerical illustrations addressed to typical experimental conditions are given. PACS number(s): 42.50. Gy, 42.65.Dr, 42.65.Ky Strong optical resonances inherent to free atoms and molecules are negated by the fact that only small fraction of the species can be concurrently resonance coupled in warm bulk gases. This is because of Maxwell distribution of the Doppler shifts of their resonances. Doppler-free (DF) coupling is usually achievable under equal frequency counter-propagating weak waves in two-photon-resonant ladder schemes. Because of the phase matching requirements, such schematic can not be implemented for far from frequency degenerated four-wave mixing (FWM).
auxiliary driving field. The explicit formulae for power-dependent absorption/gain indices and for nonlinear FWM susceptibilities, accounting for interplay of power and Doppler shifts of the resonances and illustrating the major idea of the proposed method are derived. In order to avoid accompanying population transfer, which would complicate the formulae and would mask the major effect under consideration, the field coupled to the ground state is assumed to be weak.
A possible achievement of sub-Doppler resolution using intense control field was shown in [1, 2, 3, 4, 5] . We propose a novel scheme, which enables to control FWM coupling with the aid of auxiliary electromagnetic (EM) field, taking no part in the FWM process itself. Accompanying increase of absorption of the fundamental radiation is considered too. As the outcome, substantial enhancement in quantum conversion efficiency in optically thick Dopplerbroadened medium is shown. Numerical illustrations are given for the model, relevant to the FWM experiments with sodium dimer vapors [6] . As a matter of fact that detuning from the intermediate resonance are larger than the Doppler width of the transition and the populated ground level is coupled to weak fields only, none of the CPT or EIT effects, usually employed for the enhancement of resonant FWM [7] , are involved in the proposed technique.
Consider FWM process ω 1 − ω 2 + ω + 3 = ω S ≡ ω 4 and transition configuration ( fig.1a ), similar to those studied in the experiments [6] . However, in our case the EM radiation E 3 (t, z) consists of two components: weak E 
where
-are coupling Rabi frequencies, Ω i -are corresponding resonance detunings (e.g., Ω 1 = ω 1 − ω 01 ), Γ ij -homogeneous half-widths of the transitions.
As follows from (1) - (2), induced atomic coherence ρ 02 gives rise to the components in polarizations, responsible for novel effects in absorption and generation of the radiations under consideration. In the lowest order on the strength of the weak fields solution of the equations (1) - (3) can be found in the form:
Equations for the density-matrix amplitudes become algebraic. With aid of solution for r 03 , r 01 and r 03 expressions for the susceptibilities, dressed by the strong fields E 2 and E − 3 , can be routinely obtained and presented as:
where χ 01 and χ 04 are corresponding resonant values under the strong fields being turned off,
, v is projection of atom velocity on z. Difference between k 1 and k 1 as well as between k 4 and k S is neglected here.
With account of absorption but neglecting depletion of fundamental radiations due to FWM conversion, reduced equation for E 4 can be written as:
-are complex wave numbers, α j -powerdependent absorption indices. Quantum conversion efficiency (QCE) of E 1 into E 4 along the medium η q (z) is given by the expression:
From (7) one obtains:
Pre-exponential factor can be expressed over Rabi frequencies, reduced nonlinear susceptibility and absorption indices considered below, ratios of the transition widths and |d 03 | 2 /|d 01 | 2 . The last factor is proportional to the ratio of the spontaneous relaxation rates. Thus QCE can be found as absolute value, dependent on the optical thickness of the medium. The major physics underlying the proposed technique is as follows. Modulation of the atomic wave-functions by the driving fields gives rise to the Autler-Townes splitting, which exhibits itself in our case as resonance shift. Besides intensities, the later depends on detunings of the driving fields and consequently -on the atomic velocities. It turns out that under appropriate intensities the resonances of atoms at different velocities can be shifted to the approximately same position. To illustrate that, consider one-photon detunings, substantially greater than corresponding Doppler HWHM. Then the resonance power-shift factors in (4) - (6) can be presented as:
where p is corresponding factor P at v = 0. This shows possible control of the resonance Doppler shifts through the power shifts. More details can be found in [1, 5] . In the same way a factor in the denominators of (4), (5), indicating dressed two-photon resonance, can be presented as:
whereΓ 02 andΩ 02 give half-width and position of the induced resonance. As follows from (9), under proper choice of detuning, relative propagation direction and intensity of the control field E − While approaching closer to the intermediate resonances, required intensities become lower, but relative contribution of the neglected terms, proportional to the higher orders on k i v/Ω i , grows. This leads to decrease of the coherently coupled velocity interval.
The discussed outcomes can be illustrated with the numerical model of sodium dimer transitions [6] : λ 01 = 661 nm, λ 12 = 746 nm, λ 23 = 514 nm and λ 03 = 473 nm. Corresponding homogeneous half-widths of the transitions are 20. 69, 23.08, 18.30 and 15.92 MHz, 0.601, 0.873 and 0.948 GHz. fig.1 (b) and (c) ).
In conclusion, we show that substantial enhancement in nonlinear-optical response of a Doppler broadened medium can be achieved by coherent driving of quantum transitions so that molecules from wide velocity interval become trapped to one and the same dressed twophoton Doppler-free resonance. The required intensities can be decreased by tuning driving frequencies closer to one-photon resonances, while the coupled velocity interval decreases too.
For ladder-type schemes, where Doppler-broadening of two-photon resonances is much larger compared to Raman-like schemes, the considered effects are even more pronounced.
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